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- 
Ultraviolet B radiation (UVB) elicits an increase in melanin 
production in mammalian skin. The mechanisms regulating 
this process are not understood, although it is well docu- 
mented that there is an increase in the number of melanin- 
producing melanocytes. The melanotropins (MSH) are a 
family of peptides that increase the melanin content of mela- 
nocytes through an interaction with high affinity receptors. 
We have obtained evidence that the effects of UVB on mela- 
nogenesis may be mediated through an increase in MSH 
receptor activity on melanocytes. First, exposure of Cloud- 
man S91 mouse melanoma cells to UVB resulted in increased 
binding of lz51-MSH to cells within 24 h. In five separate 
experiments, UVB-irradiated cultures displayed 2 - IO-fold 
M elanin serves as a protective agent against the damaging effects of ultraviolet (UV) rays, as evi- denced by an inverse relationship between the melanin content of human skin and the incidence of skin carcinomas induced by solar radiation 
[ 1,2]. Exposure to UV radiation results in increased melanin content 
of human skin, apparently as a protective feedback mechanism. 
Although the mechanisms responsible for the increase in melanin 
after UV exposure are not understood, a crucial step is an increase in 
the number of pigment-producing melanocytes in the epidermis. 
Melanotropins (MSH) increase pigment production and can stimu- 
late proliferation of cultured mammalian melanoma cells [3]. In 
humans, MSH injected intramuscularly caused an increase in skin 
pigmentation similar to that elicited by exposure to UV light [4]. 
Similar effects are reported with both injected and topically applied 
MSH in mice [5 - 81. B ecause of these similarities between UV radi- 
ation and MSH in their effects on the pigmentary system, we initi- 
ated studies to determine whether their mechanisms of action are 
related. Results presented here indicate that the effects of UV radia- 
tion on pigmentation could be due to a positive regulation of the 
MSH receptor system. 
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increases in MSH binding capacity over that of unirradiated 
control cultures (optimum doses lo-20 mJ/cm2). Second, 
UVB and MSH potentiated one another in promoting cuta- 
neous melanogenesis in both mice and guinea pigs. In the 
areas of guinea 
P 
ig skin that received both UVB and MSH, 
there was a five old increase in active melanocytes/mm2 over 
the sum of active melanocytes/mm2 in areas receiving either 
MSH or UVB separately. Our results suggest that UVB light 
causes an increase in MSH receptor activity on cutaneous 
melanocytes, thus increasing cellular responsiveness to MSH. 
Implicit in this mechanism is a transduction of radiant energy 
into chemical energy during the process of UVB-induced 
melanogenesis.] Invert Dermatol 92:651- 656, 1989 
MATERIAL AND METHODS 
Exposure of Cells in Culture to Ultraviolet B Radiation 
Cells (5 X 10”) from an MSH-responsive clone of Cloudman mela- 
noma cells designated PS-l-HGPRT-1 [9] were inoculated into 
Corning 150 cm2 tissue culture flasks as previously described [lo]. 
Twenty-four h later they were exposed to various doses of UVB 
radiation from a bank of Westinghouse FS20 bulbs. UVC was fil- 
tered out by the plastic tissue culture flasks. Radiation dosage was 
measured with a UVX Radiometer (Ultra-Violet Products, Inc., 
San Gabriel, CA) equipped with a UVX-31 Sensor (peak = 310 
nm). 
Binding of 12SI-B-Melanotropin to Cultured Cells Iodina- 
tion of B-MSH and isolation of the iodinated peptide were carried 
out in this laboratory by a modification [ 1 l] of the method of Lam- 
bert and Lerner [12]. The 1251-B-MSH was highly purified by re- 
verse phase high performance li uid chromatography and retained 
full biologic activity. The assay or binding of 1251-B-MSH to cells 4 
was that of Lambert and Lerner [12]. Before binding assays, cells 
were cultured as described above for 24 h after exposure to UVB. 
They were then removed from the culture flasks with Joklik’s nu- 
trient medium containing ethylenediaminetetracetic acid (1mM) 
[lo] and assayed for the binding of 1251-B-MSH (0.5 nM) at 10°C for 
120 min. 
Treatment of Animals with Ultraviolet B Radiation and Me- 
lanotropin Mice were an inbred pigmented, hairless strain desig- 
nated hr/hr BOM [13]. Red-h aired guinea pigs were an outbred 
strain obtained from Strichman Farms, Strikersville, NY. The UVB 
radiation was administered from lamps as described above. Mice 
received a total of 1800 mJ/cm2 over 2 wk, guinea pigs received a 
total of 3000 mJ/cm2 over 1 wk. The UVC radiation was filtered 
out with Kodacel401 (Eastman Kodak Corp., Rochester, NY). The 
MSH was administered in a vehicle of Tris-HCl (O.lM, pH 7.0, 
containing 25% glycerol, vol/vol). Highly purified beta MSH was 
dissolved in vehicle at 1 mg/ml and applied by gentle manual rub- 
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bing with rubber gloves to the animals at a concentration of 2 
pl/cma. Control areas received vehicle only. In other studies, simi- 
lar topical applications of MSH to the skin of mice resulted in 
transdermal penetration of the hormone [8]. 
Histology Biopsied sections of skin were fixed in formalin (10% 
vol/vol) and stained with the Fontana-Masson stain to detect mela- 
nin-positive cells [14]. To detect dopa oxidase (tyrosinase, E.C. 
1.14.18. I)-positive cells, unfixed epidermal sheets were incubated 
in L-dihydroxyphenylalanine (L-dopa) as described by Staricco 
and Pinkus [ 151. Specifically, shave biopsies were floated in sodium 
bromide (2M, 1 h, 37°C). The epidermis was separated from the 
dermis as a sheet and rinsed three times in sodium cacodylate (0.2M, 
pH 7.4). The epidermal sheet was fixed in half-strength Kar- 
novsky’s fixative (5 min, 25 “C) and then rinsed twice with sodium 
cacodylate and twice with sodium phosphate (O.lM, pH 7.2). The 
sheets were then incubated in L-dopa (3mM) in sodium phosphate 
(O.lM, pH 7.2, 3h, 37°C). The sheets were then rinsed once in 
sodium phosphate and sodium cacodylate, fixed with Karnovsky’s 
fixative (10 min, 25’ C) and rinsed again in sodium cacodylate. The 
sheets were dehydrated in increasing concentrations of ethanol in 
HaO, followed by xylene, and mounted with the stratum corneum 
side down in permount. 
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Figure 1. Exposure to UVB results in an increased binding capacity for 
l*?-B-MSH bv Cloudman S91 mouse melanoma cells in culture. Panel A: 
Cells exposed to UVB in Ham’s FlO culture medium containing 10% horse 
serum. Panel B: Cells exposed to UVB in phosphate-buffered balanced saline 
solution. Binding of MSH is expressed as specific cpm bound/5 X lo5 cells. 
Nonspecific cpm were determined for each point by assaying binding in the 
nresence of a 2000-fold excess of nonradioactive B-MSH. Nonspecific cpm r-------- ~~ 
represented approximately 15% of the total cpm bound. Specific 
cpm = total cpm bound - nonspecific cpm bound. Each bar represents an 
average of triplicate determinations Z!I SE, except for the 100 mJ/cm* 
points, which are an average of duplicate determinations-t the range. 
Shown above are results from a single experiment. The experiments were 
repeated several times with similar results. 
RESULTS 
Cloudman S91 mouse melanoma cells were exposed in monolayer 
culture to various doses of UVB and 24 h later the ability of the cells 
to bind *251-B-MSH was assessed (Fig 1). In five separate experi- 
ments, there was a range of 2- lo-fold increases in the binding 
capacity of the cells for MSH, with an average optimum dosage of 
UVB between 10 - 20 mJ/cm*. The effects of UVB on MSH recep- 
tor activity were essentially the same whether the cells were irra- 
diated in the presence of complete culture medium containing 10% 
horse serum (Fig 1A) or a phosphate-buffered balanced saline solu- 
tion (Fig 1B). The shortest time period in which we found stimula- 
tion of receptor activity was 16 h, with no stimulation of activity 
seen at 8 h. In experiments where culture media were not changed 
after irradiation, the UVB-mediated stimulation of receptor activity 
was 20 - 30% higher than when the media were changed after irra- 
diation. 
Preliminary Scatchard analyses indicated a possible increase in 
cooperativity between MSH receptors in cells treated with UVB 
over control cells. These results are not shown here and need to be 
confirmed by a series of detailed studies currently underway in our 
laboratory. Because of inherent limitations in Scatchard analyses 
when receptors display changes in cooperativity, we did not attempt 
to estimate the number of receptors or dissociation constant for 
MSH in UVB-treated cells [16,17]. Therefore, in this report we use 
MSH receptor activity as a general term to signify cellular binding 
capacity for MSH under standard assay conditions. 
The above results with melanoma cells in culture suggested stim- 
ulation of MSH receptor activity as a possible mechanism for the 
action of UV on skin melanin content. This is difficult to prove in 
animals, however, because melanocytes comprise less than 10% of 
the population of epidermal cells, and techniques have not been 
developed for the quantitation of MSH receptors in intact skin. An 
alternative approach was to assess the effects of separate and com- 
bined treatments of MSH and UVB on mammalian skin. We rea- 
soned that at suboptimal doses of these agents there should be a 
potentiating effect on melanogenesis if the action of UV light were 
exerted through MSH receptors. This appeared to be the case for 
both mouse and guinea pig skin. Using hairless, pigmented mice 
(hr/hr BOM) we showed that the combination of B-MSH and 
UVB resulted in far greater pigmentation than with either agent 
used alone (Fig 2). We obtained this result whether the MSH was 
applied topically or injected subcutaneously into the mice (not 
Pigure 2. The UVB acts synergistically with MSH to increase skin darken- 
ing in mice. Hairless pigmented hr/hr BOM mice [13] were treated 6 d/wk 
for 2 wk with either vehicle alone (control), MSH alone, UVB alone, or 
MSH plus UVB. 
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Figure 3. Representative fields (magnification X400) of histologic sections from each of the mice shown in Figure 2. Sections were stained with 
Fontana-Masson stain for melanin [14]. A emus denote melanin-positive cells. A: control; B: MSH alone C: UVB alone; D: MSH plus UVB. 
Figure 4. Red-haired guinea pig treated in separate areas of its shaved back 
for 7 d with vehicle alone (control, area C); UVB alone (area U); MSH alone 
(area M); or MSH plus UVB (area UM). 
shown). The mechanism for the increased pigmentation involved 
an increase in the number of melanin-containing cells as assessed by 
the Fontana- Masson histochemical stain for melanin [ 141 (Fig 3A - 
D). A similar result was achieved in guinea pigs (Fig 4). Shave 
biopsies were performed in each of the four areas shown in Figure 4. 
The epidermis was isolated and incubated with L-dopa to assess 
dopa oxidase activity [ 151 (Fig 5A -0). This enzyme is a key product 
of active differentiated melanocytes [18]. Suboptimal MSH treat- 
ments alone had no effect on the number of active melanocytes seen 
in control areas of skin (Table I). Suboptimal UVB caused a fivefold 
increase in active melanocytes. However, combined suboptimal 
MSH/UVB treatment (2496 active melanocytes/mm2) caused a 
fivefold increase over the sum of active melanocytes observed with 
the separate treatments (512/mm2). 
DISCUSSION 
The mechanisms involved in the increase in active melanocytes 
after exposure to UVB or UVB plus MSH are unknown. Possibili- 
ties include stimulation of pigment production in preexisting amel- 
anotic melanocytes; stimulation of mitosis of melanocytes; migra- 
tion of melanocytes into the epidermis; stimulation of 
differentiation of stem cell “pro-melanocytes” into melanocytes; or 
a combination of these events. Previous studies using cultured mela- 
noma cells have shown that MSH regulates proliferation and den- 
drite formation as well as pigmentation [ 191. Depending on cellular 
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Figure 5. Representative fields (magnification X 400) of epidermal sheets from the four biopsied areas of the guinea pig shown in Figure 4. The epidermal 
sheets were incubated in L-dopa to detect dopa oxidase-positive melanocytes, which are characterized by deposits of black dopa-melanin and the presence of 
dendrites [ 1 l]. A: Control (area C); B: UVB alone (area U); C: MSH alone (area M); D: MSH plus UVB (area UM). 
genotype, MSH can either inhibit or stimulate proliferation 
[3,9,20]. In light of the evidence presented here these earlier obser- 
vations of MSH as a growth factor might explain the increase in 
active melanocytes in mammalian skin after exposure to UVB. That 
is, if the effects of UVB are exerted through MSH receptor activity, 
then the increase in active melanocytes could be explained by both 
increased melanocyte proliferation as well as increased melano- 
genesis. In addition, a key process in cutaneous pigmentation is the 
Table I. Effects of Separate and Combined Treatments of MSH 
and UVB on the Number of Dopa Oxidase-Positive Cells in 
Guinea Pig Epidermis 
Treatment Melanocvtes/mm* 
Control 82 + 27 
MSH 56 + 16 
UVB 456 f 79 
MSH/UVB 2496 + 424 
Biopsied epidermal sheets from the guinea pig described in the legend to Figure ‘2 
were quantitated for dopa oxidasc-positive cells. Each number represents the average 
+SD for six separate counts, each by two individuals. 
transfer of melanin from the dendrites of melanocytes to keratino- 
cytes. This process is accelerated by both UV irradiation and dibu- 
tyryl cyclic AMP, an active cyclic AMP analog [21]. Because it is 
well established that MSH alters cellular phenotype through an 
increase in intracellular cyclic AMP levels [19,22,23], these results 
are, therefore, consistent with our proposal that the effects of UVB 
on skin pigmentation are at least in part mediated through the MSH 
receptor system. The results do not necessarily imply, however, that 
UVB itself alters cyclic AMP levels. 
Previous studies have shown a relationship between circulating 
levels of MSH and cutaneous pigmentation. 1) Humans injected 
with alpha MSH showed increased skin darkening [4]. 2) After 
exposure to UV light, increased levels of circulating MSH were 
observed in horses and humans [24,25]. Circulating levels of beta 
lipotropin, a peptide containing the sequence of beta MSH, were 
also elevated in humans exposed to UV radiation [26]. 3) Individuals 
with hypopituitarism have a decreased tanning response to UV light 
1271. 
We observed potentiation betwen UVB and MSH in two differ- 
ent mammalian species, mice and guinea pigs. The finding that 
these animals responded similarly to UV and MSH suggests that this 
is likely to be a generalized response in mammals. Should our pro- 
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posal be correct- that the effects of UV radiation are mediated 
through increased MSH receptor activity- then a mechanism 
should exist for reception of the UV signal, radiant energy, and 
transduction of that signal into the chemical energy necessary to 
modify MSH receptors. There are several examples for biologic 
transduction of visible light energy into chemical energy [28,29] 
and we are currently investigating the possibility of UV transduc- 
tion pathways in the mammalian pigmentary system. One possible 
transduction pathway might involve the phosphorylation of L- 
dopa. L-dopa itself is a key precursor to melanin. Synthetic phos- 
phorylated L-dopa, but not L-dopa, was recently shown to increase 
MSH receptor activity in cultured mouse melanoma cells [30], and 
to increase skin pigmentation in mice and guinea pigs [31,32]. Ini- 
tial reception of the UV signal could be a function of melanin itself, 
as melanin absorbs UV radiation efficiently and has numerous pho- 
tochemical properties, such as the formation of superoxide ions after 
UV radiation [33-361. Melanin as a photoreceptor for UVB-in- 
duced melanogenesis could explain recent reports showing that UV 
radiation directly induces proliferation and melanin production in 
pigmented human melanocytes in culture [37, 381. It might also 
explain why individuals with skin extremely low in melanin con- 
tent (type I) do not tan after exposure to solar radiation. 
The relationship between UVB radiation and MSH receptors in 
:he stimulation of pigmentation need not be a direct one and could 
nvolve many other biochemical systems within the skin. For exam- 
ale, recent studies from our laboratory have shown that recombi- 
nant human interleukin 1 alpha (IL-l) can both stimulate and in- 
hibit MSH receptor activity in Cloudman S91 mouse melanoma 
zells, depending on IL-l concentration [39]. The IL-1 gene expres- 
sion is activated in keratinocytes after exposure to UV light [40]. 
Other studies have shown potential roles for prostaglandins [41] and 
vitamin D, [42] in UV-induced tanning. Ultraviolet radiation re- 
sults in increased activity of the beta adrenergic linked adenylate- 
cyclase [43] in pig skin and causes an increase in nerve growth factor 
receptors in cultured human melanocytes [44]. It is, therefore, clear 
that complete understanding of the mechanism of action of UV on 
mammalian skin continues to present a most formidable scientific 
challenge. 
We thank Drs. 1. McLane and M. Osber for providing ‘*‘I-B-MSH and helping 
with the binding assays. 
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NEW CONCEPTS IN CUTANEOUS LASER SURGERY: A 
HANDS-ON COURSE 
A two-day course on new concepts in cutaneous laser surgery will be presented by the 
Department of Dermatology, Beth Israel Hospital, Boston, and the Department of Continu- 
ing Medical Education, Harvard Medical School. Directed by Joel M. Noe, M.D., Kenneth A. 
Arndt, M.D., and Jeffrey S. Dover, M.D., the course will be held on Saturday and Sunday, 
September 23-24, 1989, at the Cambridge Hyatt Hotel in Cambridge, Massachusetts. 
The first day of the course will address the theoretical and practical aspects of cutaneous 
laser surgery. The course will include formal lectures, panel discussions, and viewing of video 
demonstrations of laser techniques and laser safety. During the second day, all participants 
will be able to acquire hands-on experience with various lasers including argon, carbon 
dioxide, continuous-wave dye, flash lamp pulsed dye, and neodymium: YAG. The course 
instructors are all well-experienced in both research and clinical application of lasers to 
dermatology. 
For further information, contact: The Department of Continuing Medical Education, 
Harvard Medical School (617) 732-1525. 
